Abstract. The formation of white jewellery alloys based on gold is a complex process that involves careful selection of ligatures and compliance with the conditions of production. Obtaining alloys of white gold with warm and cool tones is theoretically and practically possible either by regulating the ratio of silver and copper in the alloy system Au-Ag-Cu, or by decolouring yellow gold by such metals as Pb, Zn, Mn, Co, In, Cr, Кd or Ga. Colour and tint of the alloy largely determines the aesthetic qualities of jewellery that are made on the basis of precious metals, its conformity to fashion and style, in harmony with the precious stone. Therefore, the evaluation of colour of jewellery alloy is a very important quality characteristics of jewellery that is taken into account at the stage of design development. The aim of this work is the study of factors affecting the white colour and methods of its evaluation for jewellery alloys based on gold. Taking into account the purpose, the following objectives have been set: to carry out a comparative merchandising characteristic of jewellery, including the degree of whiteness of jewellery alloys based on gold of both existing and new jewellery alloys, developed by the authors of the article. While doing the tasks there were used general and specific spectrophotometric research methods. According to the results there have been proposed types of white gold-based alloys, which provide high aesthetic properties and meet the requirements of reliability and safety.
Introduction
Pieces of jewellery are absolute luxury goods, the consumption of which increases every year. Despite high aesthetic properties and the value of the precious metals and precious stones, it is not only consumption of jewellery in the world that increases, but also their use for producing shoes, clothes, textiles, mobile phones, watches, accessories, etc. Today it is impossible to imagine any fashion show or exhibition of the most prestigious expensive goods without the use of these timeless and beautiful materials.
Consumer requirements to jewellery are growing year by year. Thus, the jewellery must comply not only with contemporary fashion, but also have the integral composition, which perfectly matches in colour the jewellery alloy and precious stones, and surface texture, while they are comfortable and safe to use. The colour of the jewellery alloy is the most important part of the aesthetic qualities of jewellery.
Considerable scientific and practical research on the formation and assessment of the colour of jewellery alloys was made by scientists of the American society for testing materials (ASTM), American Association of manufacturers and suppliers of jewellery (MJSA) and the World Gold Council.
However, types of jewellery alloys based on white gold, developed by international experts, due to the general nature of publications, are only suitable for certain manufacturing processes, certain equipment, and, as it turns out, cannot provide high consumer properties of the jewellery.
Mainly needs in jewellery alloys of different colours in Ukraine are satisfied at the expense of ligatures imports, which are not always of good quality and safe, as well as tied to a particular technology and equipment. Such circumstances have led to a narrowing of the range of jewellery alloys on the basis of colour on the domestic market.
It should be noted that the problems of the formation of the quality and variety of precious alloys based on gold, the expansion of the colour palette in Ukraine have not been paid enough attention. The types of jewellery alloys given in the existing regulatory and technical documentation of Ukraine do not differ in quantitative and qualitative characteristics (designation) of the colour, as it accepted in the international practice.
All this complicates the integration of Ukrainian jewellery producers on the international market, reduces the competitiveness of their products, and creates certain problems, which Ukrainian exporters have to overcome. Therefore there is a need for a more detailed study and research of the reasons for the formation of qualitative and quantitative characteristics of the gold-based jewellery alloy colour and the methods of its evaluation that emerge from the published results of foreign scientists, since they are very specific and require revision.
According to the results of preliminary research it is determined that the colour of gold-based alloys depends on their composition (Brepol, 1982; Belenkiy, 2008; Marchenkov, 1992) . Different shades of white gold alloy are obtained by adding to the composition a certain amount of silver, zinc, palladium, nickel, cobalt, gallium and other elements (Henderson and Manchanda, 2005) . Despite the introduction of the European Nickel Directive in most countries of the world concerning the safety of jewellery, in which the use of nickel in the alloy is a controlled indicator, which is determined by the degree of leaching while using it, the current research, aimed at the formation and evaluation of gold alloys in white without nickel, is the most relevant.
The evaluation of white gold alloys abroad is carried out according to the degree of their whiteness, which is determined by the system of numerical classification using the index of yellowness. As a theoretical basis for the construction of the index of yellowness (D 1925 ) of the gold alloy there can be used the index that is designed to evaluate the colour of polymeric materials (ASTM D1925). This index is based on the three-coordinate system X, Y, and Z, proposed by the International Commission on Illumination (CIE), the rating scale is linear, whereby the decrease of the index indicates a rise in the alloy whiteness. On the basis of this parameter the working group under the leadership of Dr. Chris Court (World Gold Council) and the Association "Jewelry manufacturers and suppliers of America" proposed three classes of "white gold":
-Class 1 -almost white (the index of yellowness is below 19), which does not require rhodium plating; -Class 2 -enough white (the index of yellowness is in the range of 19 to 24.5) -electroplating is not required;
-Class 3 -white colour with a yellowish tint (the index of yellowness is in the range of 24.5-32), electroplating is always necessary.
However, such a gradation does not enable to describe all the shades of white gold alloys that are currently present on the market and are used in the jewellery industry. Thus, clear standards that would regulate the colour of gold alloys, today are not consistent.
Therefore, the authors assigned the task to research the factors of the white gold alloys formation, taking into account international standards, to carry out a comparative analysis of the degree of whiteness of foreign and domestic alloys.
Method
Colour is characterized by the main (dominant) hue, tone; saturation or colour purity), the ability to change the reflected light shining. Measuring the colour of gold alloys is an objective method of determining characteristics of the light flux outgoing from the source of visible light (object) with the use of optical devices to eliminate the subjective factor -visual experience from light. There are several mathematical systems that define a colour using coordinates that can describe any colour. The most acceptable method, recognized worldwide, is a method of measuring the colour of gold alloys with a spectrophotometer as a series of numeric values, which are points inside the Cartesian reference system. This category comprises the CIELab coordinates that define the colourmetric coordinate system in which each point (corresponding to the vector that goes from the beginning of the Cartesian coordinate axes) is the colour of the visible light. The values that define each of these points, are the three coordinates a*, b*and L*, each of which varies from -100 to +100. In merchandising research there is mostly used the organoleptic evaluation, comparing the colour of jewellery alloy with colour samples, obtained as the most appropriate for the perception by the consumer.
Results
We have researched 7 types of white gold alloys according to TU U 27.4-00201514-010-2005 recommended for the production of jewellery in which the main component, discolouring the gold alloy, is Ni in concentrations from 6.5 to 12.5 % in combination with Zn (4.5-9.5%) and Pd in concentrations from 9.5 to 16.0 % in combination with Ag (25.0 -29.2 %); 5 types according to GOST 30649-99: Ni (7.7-13.0 %) and Zn (2.2 -4.4 %), and Pd (9.5 to 10.5 %) and Ag (27.5 -29.2 %) and 5 compositions of alloys that are offered by the leading European manufacturers ProGold and LEGOR (Tables 1-2) . The colour of these alloys in the normative and technical documentation of Ukraine is defined as "white", but in terms of composition and appearance it comes in different shades. Thus, zinc gives the alloy a greenish tint, nickel -yellowish, palladium -grey-blue, etc. Therefore, it is not necessary to use the term "exclusively white" for these alloys.
To determine the tint of alloys we have carried out their comparison with the samples, the colour of which is determined by using spectrophotometric measurements. As samples of white gold alloys there were used standard samples of alloys developed by Birmingham Assay Office taking into account the following colour characteristics: class 1 -almost white, class 2 -quite white, class 3 -yellow-white. The composition of the alloys is given in table 3. Comparing the samples made on the basis of standard alloys of white gold of Birmingham Assay Office with the samples listed in the national normative documents, it was found out that none of the alloys does not match the "almost white" ( % -Au -57.81, Cu -15.31, Ni -16.87). In addition, these normative gold alloys contain significant amounts of nickel (up 13 %), which is unacceptable in accordance with the European safety requirements. Under such conditions the task was: to develop alloys of white gold, which by their colour characteristics correspond to the highest class of whiteness and are safe. With this purpose there have been developed compositions of experimental alloys of white gold. The first stage was to define the optimal composition of the alloys in the ternary system "gold-silver-copper", which can be used as a basic matrix for the further regulation and "whitening" (Table 4) . Regulation of the chemical composition of jewellery alloy consisted in the optimization of the properties in the system Au-Ag-Cu for their whitening to color 8N, which corresponds to 1st class of whiteness -"almost white" and the increase in hardness to 200 HB, the reduction of the grain size (the number of grains per 1 mm of more than 100), the narrowing of the interval of crystallization (between temperatures solidus-liquidus) up to a maximum of 35 -40 о С. As whitening additives for obtaining white jewellery alloys based on gold with specified properties in the system gold-silver-copper there has been chosen chromium (Cr), tin (Sn), cobalt (Co), silicon (Si), boron (B). The choice of the alloying components and additives was performed using a critical analysis of their effect on the three-component system "gold-silver-copper", and also with regard to their safety for human body, the manufacturability of ligatures and further processing of alloys.
In the process of the experiment there were investigated 58 compositions of alloys based on gold. However, the optimal selected alloys are those, containing from 4 to 9 % zinc, from 3 to 7 % manganese, and up to 2.5 % by total weight of the alloy of chromium, tin, cobalt, silicon, and boron (table 5) . Table 5  The In the experimental samples the silver was introduced as the main alloying component, which whitens alloys of gold very well. The introduction of the larger amount of zinc increased the ductility of alloys and reduced its melting temperature. Manganese was introduced as an additional bleaching agent, which eliminates unwanted tints of alloy. In addition, manganese is a good deoxidizer of the alloy which increases its viscosity and hardness. To improve the whitening effect and durability chrome was added in the composition of the alloy based on gold. Additional introduction of tin improves the ductility, and the introduction of cobalt increases the strength of the alloy. Silicon was introduced as grain-crushing additive to create a uniform structure and increase fluidity of the jewellery gold alloy. The obtained alloys were tested on indicators of physical and mechanical properties (table 6) . It was found out that the autors' alloys are white without apparent tints and can be used for the production of jewellery by casting method according bitplane models.
Comparing the authors' compositions with samples, almost all investigated samples were given class 2 according to the degree of whitening -"quite white", and sample E-3 has the highest class -1.
In addition, the advantages of these alloys are: -the cost of new alloys not substantially exceeds the cost of already known alloys of white gold; -information about any type of allergic or toxic effects on the skin at the moment are absent; -relatively low temperature of casting and filling in the mold; -compact surface without porosity; -extremely low shrinkage porosity; -reduced time of solidification in the mold, about 4-5 minutes.
-antioxidant properties, obtaining brilliant casting without the need for processing; -the absence of chemical reactions with crucibles, rods for casting and other inflammable materials with which the alloy may experience the extended wear period due to reduced temperatures.
In this regard, it is reasonable to recommend Ukrainian companies to use alloys based on gold without nickel, and as a bleaching agent they can use zinc, manganese and chromium in the range proposed by the authors.
Discussion
Thus, it has been found out that the existing alloys proposed in the normative and technical documentation of Ukraine, are not actually white, according to the classification adopted at the international level. In addition, domestic enterprises use nickel as a bleaching agent that contradicts the European Directives and make it impossible to release their products on the European market.
To solve this problem it has been proposed to use the following instead of the Nickel -zinc, manganese and chromium, and to regulate the casting properties there should be used tin, cobalt, silicon and boron.
The authors have developed compositions of alternative alloys and carried out the research to determine their physical and mechanical properties, the results of which proved the expediency of their use in the jewellery industry.
In addition, the obtained samples of alloy according to colour characteristics correspond to the accepted classification of Birmingham Assay Office and the international standard ISO 8654:1987 and can be called "white gold". It has been found out that when zinc concentration is from 4 to 9 %, manganese is from 3 to 7 %, chromium is from 0.1 to 0.3 % there can be observed the most noticeable whitening effect.
However, to get jewellery from the proposed alloys without surface and internal defects they must strictly adhere to the technological conditions of production, which consist in using pure metals as raw materials and the regulation and control of temperature. Prospects for further research are merchandising evaluation of jewellery from authors' alloys based on gold.
